Abstract: Densities of the major benthic macroinvertebrate groups declined dramatically at sites shallower than 50 m in southern Lake Michigan between 1980 and 1993. Declines in Diporeia, Oligochaeta, and Sphaeriidae ranged from 40 to 75% at these depths. Total densities declined from 16 800·m -2 in 1980-1981 to 4800·m -2 in 1992-1993 at sites in the 16-30 m depth interval and from 21 300 to 11 300·m -2 at sites in the 31-50 m depth interval. Changes at sites deeper than 50 m were minimal; only sphaeriids declined to any extent. Declines in oligochaetes and sphaeriids occurred uniformly throughout the nearshore region and over the entire sampling period. Declines in these two groups were most likely related to reductions in phosphorus loads and a general decrease in productivity in the nearshore area over the sampling period. On the other hand, declines in Diporeia occurred mainly in the later portion of the sampling period and were greatest in the southeastern region of the lake. Densities at many sites in the southeastern region were <100·m -2 in 1993, down from 3000-8000·m -2 in 1980-1987. We hypothesize that the filtering activities of large populations of Dreissena polymorpha in nearshore waters may be having a negative impact on Diporeia in deeper waters by decreasing the amount of food available to this surface-feeding detritivore.
food inputs to the benthic region became abundant, while more sensitive forms declined (see Cook and Johnson 1974 for review). Since the reduction of phosphorus loads, there has been a general shift to communities indicative of improved conditions; changes in densities and species composition have generally been the reverse of changes when conditions were deteriorating (Johnson and McNeil 1986; Schloesser et al. 1995) . For instance, in the Bay of Quinte, the density and biomass of some major benthic groups (oligochaetes, sphaeriids, and chironomids) declined between 1966 and 1984 in response to a decline in phosphorus loads and bay productivity (Johnson and McNeil 1986) . Also, in western Lake Erie, declines in oligochaete abundances and shifts in species composition in nearshore waters between 1961 and 1982 indicated improved water quality (Schloesser et al. 1995) .
The introduction and widespread abundance of D. polymorpha have confounded our interpretations of trophic trends using benthic macroinvertebrate communities. The overall impact of D. polymorpha's filtering activities on benthic populations has varied, depending on the feeding mode and life habit of the particular species or taxonomic group. Dreissena polymorpha has had a negative impact on some taxa via competitive exclusion (Nalepa et al. 1996; Dermott and Kerec 1997) , a positive impact by increasing habitat complexity and detrital food (Stewart and Haynes 1994, Botts et al. 1996) , or no impact at all (Dermott and Kerec 1997) .
In this study, we assess long-term changes in benthic macroinvertebrate populations of the southern basin of Lake Michigan. Benthic communities in this basin are greatly influenced by changes in nutrient loads, since a large portion (43%) of suspended material and total phosphorus enters the lake at the southern end (Robertson 1997) . We collected samples in 1986-1987 and in 1992-1993 at the same sites that were sampled in -1981 (Nalepa 1987 . In the 1980-1981 survey, densities of the major benthic macroinvertebrate groups (Diporeia (Amphipoda), Oligochaeta, and Sphaeriidae) increased over twofold between the mid-1960s and 1980-1981 at depths <50 m (Nalepa 1987) . This finding Fig. 1 . Location of the 40 sampling sites in southern Lake Michigan. Depth contours of 30, 50, and 90 m define the depth intervals by which the stations were grouped for data analysis. Each station represents a site that was originally sampled in the 1960s or earlier.
Derivation of site designations is described in Nalepa (1987) .
followed a similar trend of increasing densities between the early 1930s and 1964 (Robertson and Alley 1966) . Both studies attributed increased densities to accelerated nutrient loads and higher productivity within the lake between the 1950s and early 1970s (Chapra 1977; Schelske 1978) . A positive, direct relationship between pelagic productivity and densities of amphipods, oligochaetes, and sphaeriids is a common feature of large, deep lakes (Saether 1980) . Reductions in phosphorus loads in the mid-1970s led to declines in total phosphorus, summer epilimnetic chlorophyll, and the intensity of the spring diatom bloom by the late 1970s -early 1980s (Vandercastle 1985; Scavia et al. 1986; Chang and Rossman 1988) . Nalepa (1987) hypothesized that macroinvertebrate densities in southern Lake Michigan in [1980] [1981] had not yet reflected observed productivity declines in the pelagic region. Since phosphorus loads have continued to decline through the 1980s (Johengen et al. 1994) , our subsequent surveys were designed to determine if the macroinvertebrate community had now responded to these productivity changes. Furthermore, with D. polymorpha becoming established in southern Lake Michigan in 1989 (Marsden et al. 1993) , our surveys provide a relative measure of initial changes in the macroinvertebrate community that may have resulted from D. polymorpha filtering activities. Samples were collected in 1986 Samples were collected in -1987 Samples were collected in and 1992 Samples were collected in -1993 at the same 40 sites sampled in 1980-1981 using exactly the same methods (Nalepa 1987) (Fig. 1) . Bottom substrates ranged from coarse sand and gravel to fine silt, and sampling depths ranged from 16 to 157 m. Exact location, water depth, and substrate type at each site are given in Nalepa et al. (1985) . Sampling was conducted in spring (mid-May -early June), summer (late July -early August), and fall (September-October) over a 1-week period in each season of each year. The sampling period sometimes extended longer than 1 week because of poor weather conditions. Samples were taken in triplicate with a Ponar grab (area = 0.046 m 2 ) and washed into an elutriation device fitted with a nitex sleeve having 0.5-mm openings . Retained material was immediately preserved in 10% buffered formalin containing rose bengal stain.
Retained residue was placed into a white enamel pan and organisms were picked, counted, and sorted into major benthic groups (Diporeia, Oligochaeta, Sphaeriidae, Chironomidae, Gastropoda, D. polymorpha, and others). In some samples, the number of organisms was extremely large and only a randomly chosen portion (one eighth to one half) of the residue was picked and then applied to the entire sample. All organisms collected in 1980-1981 and 1992-1993 were identified to the lowest practical taxonomic level, but organisms collected in 1986-1987 were identified only to the group level as given above. For oligochaetes, between 75 and 100 individuals in a replicate (proportionately split with a Folsom plankton splitter when numbers were higher) were cleared in lactophenol before identification. Only oligochaetes with a prostomium were included in abundance estimates. Since fragments (without prostomium) can only be recognized during the process of species identification and not when counted and sorted, the total number of oligochaetes in 1986-1987 at each site was corrected based on the mean proportion of fragments found in the other four years at the same site.
Spatial and temporal trends were examined by dividing the sampling sites into four depth intervals (16-30, 31-50, 51-90, and >90 m) and calculating yearly means for the three major macroinvertebrate groups, Diporeia, Oligochaeta, and Sphaeriidae. These depth intervals are consistent with prior characterization of depth-macroinvertebrate associations in Lake Michigan (Alley and Mozley 1975; Nalepa 1987) and approximate regions of varying sediment resuspension and deposition within the southern basin (Chambers and Eadie 1981; Eadie et al. 1984) . Between 1980 and 1993, there was a general downward trend in density in each of the three macroinvertebrate groups at the 16-30 and 31-50 m intervals (Table 1) . At these two shallowest intervals, Diporeia declined 68 and 43%, respectively, oligochaetes declined 75 and 40%, and sphaeriids declined 75 and 72%. Overall, total mean density at the 11 sites in the 16-30 m interval declined from 16 800·m -2 in 1980 to 4800·m -2 in 1993, while total mean density at the 12 sites in the 31-50 m interval declined from 21 300 to 11 300·m -2 . Yearly differences at these two shallow intervals were significant for each group (ANOVA, P < 0.01) except for sphaeriids at 16-30 m (P = 0.16) ( Table 1 ). When yearly differences were significant, multiple range tests (Tukey HSD) indicated that densities in 1993 were significantly lower (P < 0.05) than densities in most other years except for densities in 1992 (Table 1) .
Density trends at the two deeper intervals were not as consistent as at the shallower intervals. Overall, a downward trend in total density was not readily apparent (Table 1 ). Yearly differences were significant for Diporeia at these two deeper depth intervals (P < 0.001), but mean densities of Diporeia in 1992 or 1993 were not always lower than means in previous years (see low densities in 1981 at both intervals; Table 1 ). For oligochaetes, densities at the 51-90 m interval were lowest in 1993, but were only significantly lower than densities in 1980 (Tukey HSD, P < 0.05). Yearly differences in density at the >90 m interval were not significant (P = 0.80). Yearly differences in sphaereiid densities were significant at both intervals (P < 0.05), with lowest densities occurring in 1993.
Since the 1986-1987 survey was conducted just prior to the establishment of D. polymorpha in Lake Michigan, these survey years are important when comparing potential impacts of phosphorus reductions versus D. polymorpha filtering activities. Declines between 1980 Declines between -1981 Declines between and 1986 Declines between -1987 represent potential responses to phosphorus load reductions, while declines between 1986-1987 and 1992-1993 represent potential responses to both phosphorus reductions and D. polymorpha. In order to distinguish the relative impact of these two events, we calculated and then compared rates of decline (percent decline per year) for the two time periods (1980-1981 to 1986-1987, 1986-1987 to 1992-1993) for each of the three groups (Table 2) . At the 16-30 m interval, rates of decline were greater in the 1980-1981 to 1986-1987 time period for oligochaetes and sphaeriids, but greater in the 1986-1987 to 1992-1993 time period for Diporeia. Decline rates in oligochaetes were significant for both time periods (paired t-test, P < 0.05) (Table 2), declines in Diporeia were significant only in the later period, and declines in sphaeriids were not significant (P > 0.05) for either period. This suggests that, of the three groups, oligochaetes were most responsive to nutrient reductions and that Diporeia may have been most affected by D. polymorpha. For the 31-50 m interval, rates of decline in all three groups were greater in the 1986-1987 to 1992-1993 time period. Declines were significant (P < 0.05) ( Table 2) for each group during this later period, but were not significant for the earlier period (P > 0.05).
The effects of sampling season (spring, summer, fall) were not significant for any of the groups (ANOVA, log(x + 1)-transformed, P > 0.05) except for Diporeia at the 16-30 m interval (P = 0.02). Diporeia abundances were highest in the spring and declined through summer and fall. This species has a 1-year life cycle at these depths, and population densities are high in the spring when newly hatched young enter the population but then decline (Winnell and White 1984) .
Declines in densities were observed at most all sites <50 m between 1980-1981 and 1992-1993 (Table 2) . To determine if declines occurred to a similar extent over all sites at these depths, all sites <50 m (23 total) were ranked by relative mean density in both 1980-1981 and 1992-1993 and rank differences between the two 2-year surveys compared. For oligochaetes and sphaeriids, rank differences were not significant (chi-square, P > 0.05), indicating that relative declines in these two groups were consistent for all sites at these depths. However, for Diporeia, there was a significant difference in ranks (P < 0.01), indicating that densities at some sites declined more than at others. Clearly, Diporeia declined to a greater extent at sites <50 m in the southeastern portion of the lake (Fig. 2) . All 11 sites where Diporeia declined more than 60% between 1980-1981 and 1992-1993 were located in this area of the lake (Fig. 3) . The mean decline at these sites was 81.6% (range 60.3-99.2%), while the mean decline at the other sites where Diporeia decreased was only 26.2% (range 7.0-49.0%). At four of the sites (A-1, H-18, S-2, V-1), densities in 1993 were <100·m -2 . Mean densities at these same sites in 1980-1987 ranged from 3381 to 8294·m -2 . The trophic status of the most common oligochaete species is generally well known; thus, community composition Note: Differences between years were tested using ANOVA on log(x + 1)-transformed values. Statistical tests and estimates of variability were based on means of three replicates per site per sampling date. Values followed by a different letter are significantly different (Tukey HSD, P < 0.05). 1980-1981 to 1986-1987 0.7 (6, 0.758) 0.5 (7, 0.403) 2.9 (7, 0.549) 1986-1987 to 1992-1993 4.1 (8, 0.014) 3.5 (10, 0.002) 6.5 (8, 0.031) 1980-1981 to 1992-1993 2.3 (8, 0.085) 2.0 (11, 0.003) 4.1 (12, 0.001) Note: Declines were calculated as the percent decline per year (assume 6 years between surveys). The first value in parentheses is the number of sites showing a decrease in densities over the given time period. The second value in parentheses is the P for a paired t-test comparing densities of all sites in that depth interval. For the 16-30 m interval, one site was not collected in 1986-1987; thus, n = 10 for the first two time periods and n = 11 for the last. Similarly, one site was not sampled in the 31-50 m interval in 1986-1987; thus, n = 11 for the first two time periods and n = 12 for the last. has often been used to assess a lake's trophic state (Milbrink 1983; Lauritsen et al. 1985) and also to assess changes in trophic state over time (Lang and Reymond 1992; Schloesser et al. 1995) . Species can be divided into three categories based on their distribution and abundance relative to known areas of enrichment: type 1, largely restricted to oligotrophic waters; type 2, characteristic of mesotrophic conditions; type 3, tolerant of extreme organic enrichment. The abundance of each of the major species and the percentage of individuals in each trophic category in 1980-1981 and 1992-1993 were compared (Table 3) . Dominant species in each category, regardless of time period, were Stylodrilus heringianus in type 1 (98%), Potamothrix vejdovskyi in type 2 (73%), and Limnodrilus hoffmeisteri in type 3 (72%). The proportion of individuals in each trophic category (relative to the total number collected) changed significantly (chi-square, P < 0.05) between 1980-1981 and 1992-1993 at each depth interval (Table 3 ). In effect, differences between the two survey periods were a result of changes in the proportion of type 1 individuals, essentially all S. heringianus, and of changes in the proportion of individuals categorized as unidentifiable immatures. The proportion of S. heringianus increased between 1980-1981 and 1992-1993 at the 16-30, 51-90, and >90 m intervals, while the proportion of unidentifiable immatures declined. Because S. heringianus can be identified to species even when immature, most of the unidentifiable individuals were likely species of types 2 and 3. These changes would indicate less eutrophic conditions in 1992-1993 than in 1980-1981 at these depths. However, changes in species composition at the 31-50 m interval were inconsistent with those at the other three depth intervals. The proportion of S. heringianus declined, while the proportion and actual abundance of unidentifiable immatures increased (Table 3) .
Other commonly collected macroinvertebrate taxa included Chironomidae, Gastropoda, and D. polymorpha. Densities of the former two taxa were low, and they comprised only a minor portion of the total macroinvertebrate community. Mean yearly densities between 1980 and 1993 were highest at the 16-30 m interval for both taxa and ranged from 173 to 320·m -2 for chironomids and from 13 to 88·m -2 for gastropods. Of special interest are the abundance and distribution of D. polymorpha, since the filtering activities of this species can affect food inputs to macroinvertebrate populations. Dreissena polymorpha was first reported from Lake Michigan in 1989 in the nearshore region near Chicago and by 1993 had colonized all hard substrates within about 7 km from shore from Waukegan to Michigan City (Marsden et al. 1993) . In 1993, mean densities ranged from 50 000 to about 100 000·m -2 on the extensive reefs and shoals in this region (Marsden et al. 1993) . None of our sites were located in this area (Ponar grab cannot sample in hard substrate areas), so densities of D. polymorpha in our surveys were not representative of overall densities within the southern basin. Nevertheless, our surveys in 1992 and 1993 do provide a measure of relative distributions and abundances. Dreissena polymorpha was found at all sites in the 16-30 m interval in both 1992 and 1993, with densities generally higher in the later year (Fig. 4) . Densities in 1993 were <500·m -2 except at station V-1, where mean densities were 2889·m -2 in 1992 and 18 906·m -2 in 1993. Of the 12 sites in the 31-50 m interval, D. polymorpha was collected at five sites in 1992 and at 10 sites in 1993 (maximum mean density 133·m
-2 ), and of the 11 sites in the 51-90 m interval, D. polymorpha was collected at one site in 1992 and at three sites in 1993 (maximum mean density 9·m -2 ). Dreissena polymorpha was not found at sites deeper than 90 m.
Declines in densities of the three dominant macroinvertebrate groups, Diporeia, oligochaetes, and sphaeriids, at depths <50 m in southern Lake Michigan between 1980 and 1993 basically reverse a trend of increasing densities that occurred between 1930 and 1964 (Robertson and Alley 1966) and between the mid-1960s and 1980-1981 (Nalepa 1987) . These declines correlate well with decreasing trends in phosphorus loads and pelagic productivity over the same time period. After phosphorus control measures were initiated in the mid-1970s, loads declined in the 1980s and remained lower through 1993 (Johengen et al. 1994 ; IJC, Windsor, Ont., unpublished data), and phosphorus concentrations decreased between the late 1970s and the early 1980s (Scavia et al. 1986; Chang and Rossman 1988) , as did the intensity of the spring diatom bloom (Vandercastle 1985) . Dated cores from the area of highest sedimentation in the southern basin show a similar trend: phosphorus concentrations in the sediment declined through the 1980s after a peak in the late 1960s -early 1970s (T. Johengen, Cooperative Institute for Limnology and Ecosystems Research, unpublished data). Also, primary productivity declined be- tween the early 1980s and early 1990s (G.L. Fahnenstiel, Great Lakes Environmental Research Laboratory, personal communication); however, recent declines may be more related to the filtering activities of D. polymorpha than to phosphorus load reductions. With corresponding declines in macroinvertebrate densities through the 1980s and early 1990s, densities in 1993 were equal to or lower than densities found in the mid-1960s (Table 4) .
In the period between 1980-1981 and 1986-1987 , when productivity in Lake Michigan was declining and D. polymorpha was not yet present, the two groups that declined to the greatest extent in the nearshore region were oligochaetes and sphaeriids, while declines in Diporeia were minimal. The two former groups generally respond directly to changes in benthic food inputs (Wiederholm 1980; Clarke et al. 1997) , but for Diporeia, other factors such as fish predation may complicate interpretations of relationships between benthic food inputs and abundances (Johnson and McNeil 1986; McDonald et al. 1990) . When densities of all three groups increased two-to fivefold at depths <50 m between the mid-1960s and 1980 mid-1960s and -1981 mid-1960s and , Nalepa (1987 attributed the increases to enrichment and greater benthic food inputs but, in the case of Diporeia, provided evidence that suggested Fig. 3 . Region of the study area where Diporeia declined more than 60% between 1980-1981 and 1992-1993. decreased fish predation was also a factor. In the Bay of Quinte, oligochaetes and sphaeriids declined in response to phosphorus reductions, but a noted increase in Diporeia was attributed to the collapse of the white perch (Morone americana) population (Johnson and McNeil 1986) . In adjacent Lake Ontario, where white perch populations were never abundant, declines in standing stocks of Diporeia were similar to those for oligochaetes and sphaeriids.
In our study, each of the three groups continued to decline between 1986-1987 and 1992-1993 1980-1981 1992-1993 1980-1981 1992-1993 1980-1981 1992-1993 1980-1981 1992-1993 (Marsden et al. 1993) . Water clarity at many sites in this region increased twofold between 1990 and 1993 (Marsden et al. 1993) , an increase similar to that found in other Great Lakes areas heavily infested by D. polymorpha (Fahnenstiel et al. 1995a) . Diporeia relies on freshly sedimented organic matter as a food source (i.e., mostly diatoms), while D. polymorpha is a filter-feeder that intercepts this material before it actually settles to the bottom. In the profundal region of eastern Lake Erie, Diporeia declined 88% after Dreissena became established; also, there was a direct inverse relationship between numbers of Diporeia and Dreissena in individual samples (Dermott and Kerec 1997) . In 1992-1993, D. polymorpha was not abundant at most sites in the southeastern region. However, with a counterclockwise circulation pattern in southern Lake Michigan, extensive D. polymorpha populations in the south-southwestern portion of the lake may have affected Diporeia populations in areas to the east. Changes in water clarity and pelagic productivity have been observed in areas with low D. polymorpha populations when circulation patterns integrate waters from nearby areas with higher populations (Fahnenstiel et al. 1995a) . Also, since physical processes readily resuspend and transport organic matter from nearshore to offshore areas in the southern basin (Eadie et al. 1984) , we suspect that the filtering activities of extensive D. polymorpha populations in shallow, nearshore areas are causing decreased benthic inputs to Diporeia in deeper areas. Many species of fish feed heavily on Diporeia, and changes in Diporeia densities have been related to shifts in fish communities and predation pressure (Johnson and McNeil 1986; McDonald et al. 1990 ). Thus, the role of fish predation in causing observed changes in Diporeia densities must be examined. Between 1980 Between -1981 Between and 1992 Between -1993 , a number of changes occurred in the nearshore fish communities of Lake Michigan. In the early years of this period, the decline in alewife (Alosa pseudoharengus), which began in © 1998 NRC Canada [1962] [1963] [1964] [1965] [1966] [1967] , SEs were derived from station means. n = 10 (<30 m), n = 8 (31-50 m), n = 8 (51-90 m), and n = 5 (>90 m). Only stations sampled in both periods were included. Differences between periods were tested using the Wilcoxon matched-pairs signed-rank test. ns, not significant. Table 4 . Mean (± SE) density (no.·m -2 ) of the three major macroinvertebrate groups at different depth intervals in 1962the 1970s, continued, while yellow perch (Perca flavescens) and bloater (Coregonus hoyi) increased (Jude and Tesar 1985; Fabrizio et al. 1995) . McDonald et al. (1990) found a twofold decline in Diporeia densities between 1979-1980 and 1984-1985 in the southern basin and attributed this decline to increased predation from perch and bloater. We did not sample in 1984 or 1985, but benthic samples were taken at one of our sites (H-31) in these same two years (M.A. Quigley, Great Lakes Environmental Research Laboratory, unpublished data). H-31 is located off Grand Haven, Mich., in the same general location where McDonald et al. (1990) sampled. Mean densities of Diporeia at this site in 1980, 1981, 1984, 1985, 1986, and 1987 were 10 362, 10 048, 7519, 7815, 9354, and 10 687·m -2 , respectively. Densities at this site do indeed appear lower in 1984 and 1985, which agrees with the findings of McDonald et al. (1990) . However, note that densities in 1986-1987 were similar to densities in 1980-1981, so any predation effects appear to have been temporary. Also, minimal declines in Diporeia between 1980-1981 and 1986-1987 at <50 m suggest that potential increases in fish predation (at least from perch and bloater) had little impact on overall densities. In the period between 1986-1987 and 1992-1993 , yellow perch declined dramatically in the southern basin, while bloater and other fish species that feed heavily on Diporeia declined or remained fairly stable (Fabrizio et al. 1995) . Given that the greatest declines in Diporeia occurred over this period (Table 2), it appears that changes in fish predation cannot account for the observed declines.
Unlike Diporeia, declines in oligochaetes and sphaeriids in the south-southeastern portion of the study area were not significantly different from declines in other areas, implying minimal D. polymorpha impacts. For oligochaetes, these findings are consistent with those in eastern Lake Erie where oligochaete densities were unaffected by the presence of Dreissena (Dermott and Kerec 1997) . Oligochaetes are infaunal detritivores that are not as dependent on freshly settled material as Diporeia (Gardner et al. 1985) and potentially utilize D. polymorpha feces and pseudofeces as a food source. In some studies, oligochaete densities actually increased after D. polymorpha became established (Stewart and Haynes 1994) . Decreased oligochaete densities between 1980-1981 and 1992-1993 in our study area would therefore indicate a true response to declines in nutrient loads and overall productivity. The relative proportion of the oligotrophic indicator S. heringianus did increase at three of the four depth intervals, which is consistent with a shift to more oligotrophic conditions. The reason for the contrary trend at the 31-50 m interval is not clear. Although total oligochaete densities at this depth interval declined, there was an increase in densities of Tubifex tubifex and immatures of the type with hair setae, most likely immatures of this species. Tubifex tubifex is considered a eutrophic indicator species but also does well in oligotrophic waters (Milbrink 1983) . When oligochaete densities increased between the mid1960s and 1980-1981, an overall shift in species composition did not occur (Nalepa 1987) .
For sphaeriids, our findings in Lake Michigan contrast with those in Lake Erie where this group declined dramatically in areas where D. polymorpha was abundant (Dermott and Kerec 1997) . Of the three major groups, sphaeriids were the least abundant, and declined the most, at all of our depth intervals. With such a marked decline in sphaeriids throughout the study area, regional declines specific to D. polymorpha impacts may have been difficult to discern. Also, the dominant sphaeriid genus in the southern basin is Pisidium . This genus occurs in the upper sediments and feeds by filtering suspended microorganisms from interstitial waters (Lopez and Holopainen 1987) . Thus, like oligochaetes, it is not dependent on freshly settled algal material as a direct source of food.
Macroinvertebrate densities declined to the greatest extent at depths <30 m, were less pronounced at 30-50 m, and were minimal at depths >50 m. A similar depth-dependent response was apparent when densities increased between the mid-1960s and 1980 mid-1960s and -1981 mid-1960s and (Nalepa 1987 . Such a benthic response might be expected, as pelagic productivity is greater and more closely integrated with nutrient inputs in nearshore waters compared with offshore (Ladewski and Stoermer 1973; Schelske et al. 1980) . At the shallowest interval, rates of decline in oligochaetes and sphaeriids were greater early in the study period (1980-1981 to 1986-1987) compared with later (1986-1987 to 1992-1993) , indicating a rapid early response to load reductions. In reality, declines might have been observed earlier if densities had been documented in the 1970s. At the 31-50 m interval, rates of decline were greater in the later time period, indicating more of a delayed response to productivity declines. At the very least, observed declines in both the 16-30 and 31-50 m intervals seemed consistent with the turnover time of bottom particulate material in the southern basin, which is estimated to be 9 years at 12 m, 16 years at 65 m, and 23 years at 100 m (Robbins et al. 1998) .
Oligochaetes and sphaeriids were not uniformly distributed throughout the study area at depths <50 m; higher densities were found near Waukegan and in the depositional basins of the southeastern portion of the lake (Fig. 3) . Despite these spatial differences, density declines occurred to a similar extent throughout the study area. This apparent inconsistency is likely a reflection of the high degree of mixing and materials transport that occurs within the nearshore of the southern basin (Chambers and Eadie 1981; Eadie et al. 1984) . Within this region, particulate material is constantly being redistributed by storms and longshore currents before being transported to deeper waters. Resuspension occurs on the order of weeks or months, while transport occurs over years. These physical processes greatly influence spatial distributions of macroinvertebrate communities in the nearshore (Stimpson et al. 1975; Winnell and White 1985) .
Most permanent deposition of particulate material in Lake Michigan occurs at depths >50 m (Edgington and Robbins 1975) . Because of the integrative nature of food inputs to this deep region, 60-100 m has been suggested as the best sampling depth interval to monitor trends in benthic populations relative to the changing trophic status of the lake (Winnell and White 1985) . This may be true over the long term, but the response of the macroinvertebrate community to trophic changes occurs more slowly at these depths, and therefore, longer time periods between surveys are needed to detect changes. In the 13-year time interval of this study, declines were apparent for all groups at depths <50 m, but only sphaeriids declined at depths >50 m. Similarly, in the ap-proximately 15-year time period between the mid-1960s and 1980-1981, all groups increased at depths <50 m, but only oligochaetes increased at depths >50 m (Nalepa 1987) . With the relatively long turnover time of benthic particulate material at deeper depths, our inability to detect consistent changes in all groups was likely a result of the short time span between our surveys. Robertson and Alley (1966) found that Diporeia, oligochaetes, and sphaeriids increased in the deeper waters of Lake Michigan between 1931 and 1964, a time span of 33 years.
In summary, densities of the three dominant macroinvertebrate groups in southern Lake Michigan declined dramatically between the early 1980s and early 1990s at depths <50 m; by 1993, densities were equal to or lower than densities found in the mid-1960s. Both reductions in phosphorus loads and the filtering activities of D. polymorpha likely played a role in this decline. Oligochaetes and sphaeriids were most impacted by nutrient reductions, while Diporeia was apparently most impacted by D. polymorpha. Of utmost concern is the decline in Diporeia populations in the southeast region of the lake where numbers at many sites <50 m were approaching zero in 1993. As D. polymorpha spreads and becomes increasingly abundant, further declines in Diporeia populations may be expected. Further declines are also imminent if the other Dreissena species, Dreissena bugensis, becomes established on the soft, offshore sediments of Lake Michigan as it has in lakes Erie and Ontario (Mills et al. 1993; Dermott and Kerec 1997) . Because Diporeia accounts for a major portion of benthic invertebrate biomass in Lake Michigan (Nalepa 1989) and is a major energy link between pelagic production and fish (Gardner et al. 1990 ), declines in Diporeia over large areas will likely lead to serious disruptions in the Lake Michigan food web.
